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1
POWER TRANSMISSION BELT AND
METHOD FOR MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2012-172213 filed on Aug. 2, 2012, the entire
disclosure of which is incorporated by reference herein.

BACKGROUND

The present invention relates to power transmission belts
and methods for manufacturing the power transmission
belts.

Belt transmission systems for driving accessories of auto-
mobiles include a serpentine drive system in which, for
example, a V-ribbed belt is wrapped around a crank shaft
pulley, a power steering pulley, an air conditioning pulley, a
water pump pulley, and an AC generator pulley, for example.

Some of the belt transmission systems of this type are
configured to give tension to a V-ribbed belt by pushing the
back surface of the V-ribbed belt using an auto tensioner or
a flat pulley such as a fixed idler pulley.

Japanese Unexamined Patent Publication No. 2005-
61593 discloses providing a rubber layer having an uneven
pattern of woven cloth without layering a cover canvas on
the back surface of the V-ribbed belt, to reduce noise made,
for example, by adhesion abrasion due to contact of the back
surface of the V-ribbed belt with the idler pulley.

SUMMARY

A power transmission belt of the present invention has an
uneven surface of rubber which when the power transmis-
sion belt is wrapped around a flat pulley, comes in contact
with the flat pulley, and the uneven surface has projected
parts each having a flat top surface.

According to a method of manufacturing the power
transmission belt of the present invention, a rubber compo-
sition is pressed against a molding surface that is a transfer
surface of an uneven surface where each of projected parts
has a flat top surface, thereby forming the uneven surface
that comes in contact with the flat pulley.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an oblique view of a V-ribbed belt of the first
embodiment.

FIG. 2 is an oblique view of a variation of the V-ribbed
belt of the first embodiment.

FIG. 3 is a picture of the back surface of the V-ribbed belt
shown in FIG. 2.

FIG. 4 is a plan view of the back surface of the V-ribbed
belt shown in FIG. 2.

FIG. 5 is an oblique view of a weaving structure of weft
rep weave.

FIG. 6 illustrates a layout of pulleys of a belt transmission
system for driving an accessory of an automobile, using the
V-ribbed belt of the first embodiment.

FIG. 7A to FIG. 7D are illustrated to explain a method for
forming the uneven surface of the back surface of the
V-ribbed belt of the first embodiment.

FIG. 8A to FIG. 8E are illustrated to explain a method of
manufacturing the V-ribbed belt of the first embodiment.

FIG. 9 is a cross-sectional view of a flat belt of the second
embodiment.
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2

FIG. 10 illustrates a layout of pulleys of a belt transmis-
sion system using the flat belt of the second embodiment.

FIG. 11 illustrates a layout of pulleys of a belt running test
machine configured to test adhesion.

DETAILED DESCRIPTION

Embodiments will be described in detail below based on
the drawings.

First Embodiment

FIG. 1 illustrates a V-ribbed belt B of the first embodi-
ment. The V-ribbed belt B of the first embodiment is of
endless type used, for example, in a belt transmission system
for driving an accessory of an automobile placed in an
engine compartment of the automobile. The V-ribbed belt B
of the first embodiment has a length of 700 to 3000 mm, a
width of 10 to 36 mm, and a thickness of 4.0 to 5.0 mm, for
example.

The V-ribbed belt B of the first embodiment includes a
three-layered rubber-made V-ribbed belt body 10 which
includes a compression rubber layer 11 which is present on
an inner surface of the belt and constitutes a pulley contact
portion, an intermediate adhesion rubber layer 12, and a
backside rubber layer 13 constituting an outer surface of the
belt. A cord 14 arranged so as to form a helical pattern at a
predetermined pitch in a width direction of the belt is
embedded in the adhesion rubber layer 12.

The compression rubber layer 11 includes a plurality of
V-shaped ribs 15 protruding from the inner surface of the
belt. Each of the plurality of V-shaped ribs 15 is in the shape
extending in the longitudinal direction of the belt and having
an approximately inverted triangular cross-section, and the
plurality of V-shaped ribs 15 are arranged in parallel to one
another in the width direction of the belt. Each of the
V-shaped ribs 15 has, for example, a height 0o 2.0 to 3.0 mm,
and a width of 1.0 to 3.6 mm at a proximal end. The belt
includes 3 to 10 ribs (3 ribs in FIG. 1).

The adhesion rubber layer 12 is in the shape of a strip
having a horizontally elongated rectangular cross-section,
and has a thickness of 1.0 to 2.5 mm, for example.

The backside rubber layer 13, too, is in the shape of a strip
having a horizontally elongated rectangular cross-section,
and has a thickness of 0.4 to 0.8 mm, for example. A surface
of the backside rubber layer 13, that is, a surface which, as
will be described later, comes in contact with a flat pulley
when the belt is wrapped around the flat pulley, is configured
to have an uneven surface 17 of rubber, and the top surface
of each of the projected parts of the uneven surface 17 is a
flat surface.

The outer diameter (the maximum outer diameter) of each
of the projected parts of the uneven surface 17 of the
backside rubber layer 13 is preferably 0.3 mm or more, more
preferably 0.5 mm or more, and preferably 1.4 mm or less,
and more preferably 1.2 mm or less, in plan view. The height
of the projected part, that is, the surface roughness (Rz) of
the uneven surface 17 is preferably 0.05 mm or more, and
more preferably 0.1 mm or more, and preferably 0.25 mm or
less, and more preferably 0.2 mm or less. The surface
roughness (Rz) of the uneven surface 17 can be measured by
a surface roughness meter, based on Appendix 1 of
JISB0601 (2001). The plurality of projected parts of the
uneven surface 17 of the backside rubber layer 13 may be a
mixture of projected parts having different dimensions, but
preferably have the same dimension.
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Each of the projected parts of the uneven surface 17 of the
backside rubber layer 13 has a vertical cross section in the
shape of a trapezoid, a horizontally elongated rectangle, or
a vertically elongated rectangle, for example. Each of the
projected parts of the uneven surface 17 of the backside
rubber layer 13 has a circular, triangular, rectangular,
polygonal, or undefined plan view, for example. The plu-
rality of projected parts of the uneven surface 17 of the
backside rubber layer 13 may be a mixture of projected parts
having different vertical cross sections and/or plan views,
but preferably have the same vertical cross section and the
same plan view.

The plurality of projected parts of the uneven surface 17
of the backside rubber layer 13 may be discretely disposed,
may be continuously disposed, or alternately may be dis-
posed such that groups, each consisting of a plurality of
continuously-formed projected parts, are discretely dis-
posed. In the case where the projected parts are discretely
disposed, or the groups each consisting of a plurality of
continuously-formed projected parts are discretely disposed,
a distance between the projected parts or a distance between
the groups of the projected parts is 1.0 to 1.5 mm, for
example. In the case where the projected parts are discretely
disposed, or the groups each consisting of a plurality of
continuously-formed projected parts are discretely disposed,
the projected parts or the groups of the projected parts may
be disposed in a regular manner so as to form a pattern, or
may be disposed in a random manner.

Of the area of the uneven surface 17 of the backside
rubber layer 13 in plan view, the total area of the flat top
surfaces 18 of the projected parts is preferably 10% or more,
and more preferably 30% or more, and preferably 60% or
less, and more preferably 50% or less. The area of the top
surfaces 18 of the projected parts can be measured by three
dimensional roughness measurement equipment.

The uneven surface 17 may be formed to have the same
pattern as that of a woven fabric, a knitted fabric, an
unwoven fabric, or a cord fabric, for example. Of these
patterns, the uneven surface 17 preferably has the same
pattern as that of a surface of a rep weave fabric.

FIG. 2 illustrates a variation of the V-ribbed belt shown in
FIG. 1, and depicts a V-ribbed belt B having an uneven
surface 17 which has the same pattern as that of the surface
of the rep weave fabric disclosed in FIGS. 5 and 6 of
Japanese Patent No. 3722478. FIG. 3 is a picture in 1600x
1200 pixels, showing the enlarged uneven surface 17 of the
V-ribbed belt B of FIG. 2. Here, 931 pixels are 10 mm. FIG.
4 illustrates the projected parts of the uneven surface 17 of
the FIG. 3, and also indicates the directions of the weft yarn
D and the warp yarn E of the rep weave fabric. The top
surface 18 of each of the projected part is in an approxi-
mately oval shape.

The rep weave fabric may have a weaving structure of
weft rep weave, or may have a weaving structure of warp
yarn rep weave in which the warp yarn and the weft yarn are
replaced with each other. For example, as illustrated in FIG.
5, a weft rep weave fabric is woven by having one weft yarn
D go under and over two warp yarns E as a unit, and has a
pattern in which the weft yarn D is alternately visible on the
front and back surfaces with intervals of two warp yarns E,
and a pattern in which an adjacent weft yarn D is alternately
visible on the front and back surfaces with intervals of two
warp yarns E in the opposite manner. Of course, the pattern
may be such that the weft yarn D is alternately visible on the
front and back surfaces with intervals of three or more warp
yarns E. In the uneven surface 17 having the same pattern as
that of the surface of a rep weave fabric, the projected parts
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are formed of intersections between the weft yarn D and the
warp yarn E. In the uneven surface 17 having the same
pattern as that of the surface of a rep weave fabric, the warp
yarn and the weft yarn may intersect with a belt length
dimension, or the warp yarn or the weft yarn may extend
along the belt length dimension. In the uneven surface 17
having the same pattern as that of the surface of a rep weave
fabric, the warp yarn and the weft yarn may be orthogonal
to each other, or may intersect at an angle other than 90°.

The V-ribbed belt disclosed in Japanese Unexamined
Patent Publication No. 2005-61593 may be prevented from
slipping in the wet state, and prevented from generating
noise. However, when the uneven surface of rubber is
brought into contact with a flat pulley, the projected parts of
the uneven surface may form a point contact or a line contact
with the flat pulley, and this may abrade the back surface of
the belt and produce more rubber powder, which adheres to
the back surface and the flat pulley, and generates noise
between the back surface and the flat pulley, as a result.

In contrast, in the V-ribbed belt B of the first embodiment,
the surface of the backside rubber layer 13 which comes in
contact with a flat pulley when the belt is wrapped around
the flat pulley is formed to be the uneven surface 17 of
rubber where each of the projected parts has the flat top
surface 18. Thus, the state of contact of the surface of the
backside rubber layer 13 with the flat pulley is a surface
contact, which disperses the force applied. As a result, in
addition to the effects of preventing slipping in the wet state
and preventing generation of noise, it is possible to reduce
abrasion of the surface of the backside rubber layer 13 which
is formed to be the uneven surface 17 of rubber.

The compression rubber layer 11, the adhesion rubber
layer 12, and the backside rubber layer 13 are made of a
rubber composition produced by heating and pressing an
uncrosslinked rubber composition prepared by kneading a
rubber component blended with various ingredients, and
crosslinking the kneaded product by a crosslinker. The
rubber composition may be crosslinked using sulfur as the
crosslinker, or may be crosslinked using organic peroxides
as the crosslinker.

The compression rubber layer 11, the adhesion rubber
layer 12, and the backside rubber layer 13 may be made of
different compositions, or may be made of the same com-
position. In order to reduce adhesion between the belt back
surface and the flat pulley in contact with the belt back
surface, the backside rubber layer 13 is preferably made of
a rubber composition which is slightly harder than the
rubber composition of the adhesion rubber layer 12.

Example rubber components of the rubber composition
forming the compression rubber layer 11, the adhesion
rubber layer 12, and the backside rubber layer 13 include, for
example, an ethylene-a-olefin elastomer (such as EPDM
and EPR), chloroprene rubber (CR), chlorosulfonated poly-
ethylene rubber (CSM), hydrogenated acrylonitrile-butadi-
ene rubber (H-NBR), etc. Example ingredients include a
reinforcing material, a filler, an antioxidant, a softener, a
crosslinker, a vulcanization accelerator, etc. The rubber
composition forming the compression rubber layer 11 may
contain short fibers 16 such as nylon short fibers. In that
case, the short fibers 16 contained in the compression rubber
layer 11 are preferably oriented in the belt width direction,
and preferably protrude from the surface of the compression
rubber layer 11. The short fibers 16 do not need to be mixed
in the rubber composition forming the compression rubber
layer 11, but may be adhered to the surface of the compres-
sion rubber layer 11.



US 9,464,686 B2

5

The cord 14 is made of twisted yarn of polyethlene
terephthalate (PET) fiber, polyvinyl alcohol (PVA) fiber,
polyethylene naphthalate (PEN) fiber, para-aramid fiber,
meta-aramid fiber, 4,6 nylon fiber, 6,6 nylon fiber, carbon
fiber, or glass fiber, for example, which is subjected to an
adhesion treatment using a resorcin/formalin/latex (RFL)
solution before molding and vulcanization.

FIG. 6 illustrates a layout of pulleys of a belt transmission
system 20 for driving an accessory of an automobile, using
the V-ribbed belt B of the first embodiment. The belt
transmission system 20 for driving an accessory is a ser-
pentine drive system in which the V-ribbed belt B is wrapped
around six pulleys including four ribbed pulleys and two flat
pulleys to transmit power.

The belt transmission system 20 for driving an accessory
includes: a power steering pulley 21 at the uppermost
position; an AC generator pulley 22 located at slightly lower
right position of the power steering pulley 21; a tensioner
pulley 23, which is a flat pulley, located at a lower left
position of the power steering pulley 21 and upper left
position of the AC generator pulley 22; a water pump pulley
24, which is a flat pulley, located at a lower left position of
the AC generator pulley 22 and directly below the tensioner
pulley 23; a crank shaft pulley 25 located at a lower left
position of the tensioner pulley 23 and the water pump
pulley 24; and an air conditioning pulley 26 located at a
lower right position of the water pump pulley 24 and the
crank shaft pulley 25. Among these pulleys, the pulleys
other than the tensioner pulley 23 and the water pump pulley
24, which are flat pulleys, are all ribbed pulleys. The ribbed
pulleys and the flat pulleys are made of pressed metals or
castings, or resin moldings using nylon resin and phenol
resin, for example, with a pulley diameter of 50 to 150 mm.

In the belt transmission system 20 for driving an acces-
sory, the V-ribbed belt B is wrapped around the power
steering pulley 21 such that the V-shaped ribs 15 of the
compression rubber layer 11 come in contact with the power
steering pulley 21, and then wrapped around the tensioner
pulley 23 such that the uneven surface 17 of the backside
rubber layer 13 comes in contact with the tensioner pulley
23. After that, the V-ribbed belt B is sequentially wrapped
around the crank shaft pulley 25 and the air conditioning
pulley 26 such that the V-shaped ribs 15 of the compression
rubber layer 11 come in contact with the crank shaft pulley
25 and the air conditioning pulley 26, wrapped around the
water pump pulley 24 such that the uneven surface 17 of the
backside rubber layer 13 comes in contact with the water
pump pulley 24, wrapped around the AC generator pulley 22
such that the V-shaped ribs 15 of the compression rubber
layer 11 come in contact with the AC generator pulley 22,
and returns to the power steering pulley 21 in the end.

The V-ribbed belt B of the first embodiment is used in the
belt transmission system 20 for driving an accessory, and the
surface of the backside rubber layer 13 which comes in
contact with the tensioner pulley 23 and the water pump
pulley 24, i.e., flat pulleys, when the belt is wrapped around
the flat pulleys, is formed to be the uneven surface 17 of
rubber where each of the projected parts has a flat top
surface 18. Thus, the state of contact of the surface of the
backside rubber layer 13 with the tensioner pulley 23 and the
water pump pulley 24 is a surface contact, which disperses
the force applied. As a result, in addition to the effects of
preventing slipping in the wet state and preventing genera-
tion of noise, it is possible to reduce abrasion of the surface
of the backside rubber layer 13 which is formed to be the
uneven surface 17 of rubber. Thus, it is possible to prevent
the rubber powder which comes off due to abrasion from
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adhering to the surface of the backside rubber layer 13
and/or the flat pulley, and prevent generation of noise caused
by the rubber powder.

Now, an example method of manufacturing the V-ribbed
belt B of the first embodiment will be described based on
FIG. 7 and FIG. 8.

According to the method of manufacturing the V-ribbed
belt B of the first embodiment, a cylindrical rubber mold 31
is formed beforehand.

First, cloth 35 is subjected to a rubber attachment treat-
ment. The rubber attachment treatment includes, for
example, an RFL treatment, a rubber cement soaking treat-
ment, a rubber cement coating treatment, a friction treat-
ment, etc.

Next, a surface treatment is performed on the cloth 35,
using a vulcanizer (not shown). Specifically, the cloth 35 is
formed into a cylindrical shape, and the obtained cloth 35 is
placed on the outer circumference of a cylindrical mold
having a smooth outer circumferential surface. The cylin-
drical mold to which the cloth 35 is placed is placed in the
vulcanizer, and a predetermined temperature and a prede-
termined pressure are applied. At this moment, as shown in
FIG. 7A, the cloth 35 is pressurized and pushed against the
cylindrical mold in a sealed state. As a result, the projected
parts of the uneven surface of the inner circumferential
surface of the cloth 35 are flattened, and as shown in FIG.
7B, the top surfaces 36 of the projected parts are formed into
a flat surface.

Next, the cylindrical mold is cooled, and the inner space
of the vulcanizer is depressurized and unsealed. Then the
pressurized cloth (hereinafter referred to as “pressurized
cloth 35™) is taken out together with the cylindrical mold.

Then, as shown in FIG. 7C, the pressurized cloth 35' is
wrapped around the outer circumference of the cylindrical
rubber mold 31 made of an uncrosslinked rubber composi-
tion, such as hydrogenated acrylonitrile-butadiene rubber
(H-NBR), chloroprene rubber (CR), ethylene-a-olefin elas-
tomer (such as EPDM and EPR), such that the uneven
surface where each of the projected parts has a flat top
surface comes in contact with the outer circumference of the
cylindrical rubber mold 31. Then, the cylindrical rubber
mold 31 is put on the cylindrical mold and placed in the
vulcanizer for application of a predetermined temperature
and a predetermined pressure. At this moment, in the vul-
canizer, the cylindrical rubber mold 31 is crosslinked, and
the inner circumferential surface of the uneven surface of the
pressurized cloth 35' where each of the projected parts has
a flat top surface 36 is pressed against and transferred to the
outer circumferential surface of the cylindrical rubber mold
31, thereby forming a molding surface.

Lastly, the cylindrical mold is cooled, and the inner space
of the vulcanizer is depressurized and unsealed. Then the
cylindrical rubber mold 31 combined with the pressurized
cloth 35' is taken out, and the pressurized cloth 35' is
removed from the cylindrical rubber mold 31, thereby
obtaining the cylindrical rubber mold 31 shown in FIG. 7D.

Next, a method of manufacturing the V-ribbed belt B
using the above-described cylindrical rubber mold 31 will be
explained using FIG. 8.

First, a rubber component is blended with ingredients, and
is kneaded by a mixer, such as a kneader and a Banbury
mixer. The obtained uncrosslinked rubber composition is
shaped into a sheet by a calender, etc., thereby forming
uncrosslinked rubber sheets (uncrosslinked rubber compo-
sitions for forming a belt) 11', 12', 13' respectively for
forming the compression rubber layer 11, the adhesion
rubber layer 12, and the backside rubber layer 13. In the case
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of forming the compression rubber layer 11 containing short
fibers, the short fibers 16 may be blended in the uncross-
linked rubber sheet 11'. Further, after twisted yarn 14' to be
the cord 14 is subjected to an adhesion treatment in which
the twisted yarn 14' is immersed in an RFL solution and
heated, the twisted yarn 14' is subjected to another adhesion
treatment in which the twisted yarn 14' is immersed in
rubber cement and heated and dried.

Next, as shown in FIG. 8A, the cylindrical rubber mold 31
obtained as described above is put on the cylindrical mold
30. The uncrosslinked rubber sheet 13' for the backside
rubber layer 13 and the uncrosslinked rubber sheet 12' for
the adhesion rubber layer 12 are sequentially wrapped
around and layered on the molding surface on the outer
circumference of the cylindrical rubber mold 31. The cord
14 is wound around the resultant layers on the cylindrical
rubber mold 31 in a helical manner, with a predetermined
tension applied to the cord 14. After that, the uncrosslinked
rubber sheet 12' for the adhesion rubber layer 12 and the
uncrosslinked rubber sheet 11' for the compression rubber
layer 11 are sequentially wrapped around and layered
thereon, thereby forming a belt formation body B'.

Subsequently, as shown in FIG. 8B, a rubber sleeve 32 is
put on the belt formation body B', which is placed in a
vulcanizer and the vulcanizer is sealed. The vulcanizer is
filled with high-temperature and high-pressure steam, and
the belt formation body B' with the rubber sleeve 32 is held
in the vulcanizer for a predetermined molding time. At this
moment, as shown in FIG. 8C, cross-linking is promoted
between the uncrosslinked rubber sheets 11', 12" and 13' and
the rubber sheets 11', 12' and 13" are integrated together and
combined with the cord 14. As a result, a cylindrical belt slab
S is molded. The molding surface on the outer circumfer-
ential surface of the cylindrical rubber mold 31 is transferred
to the inner circumferential surface of the belt slab S, which
therefore has an uneven inner circumferential surface where
each of the projected parts has a flat top surface. The
molding temperature of the belt slab S is 140 to 180° C., for
example. The molding pressure is 0.5 to 1.5 MPa, for
example. The molding time is 15 to 60 minutes, for example.

Further, the steam is released from the vulcanizer, and the
vulcanizer is unsealed. The belt slab S molded on the
cylindrical rubber mold 31 is removed, and the belt slab S
is looped over a pair of slab holding axes 33 as shown in
FIG. 8D. A grinding stone 34, which has V-shaped rib
formation grooves extending in a circumferential direction
of the grinding stone 34 and sequentially arranged on the
outer circumferential surface along an axial direction of the
grinding stone 34, is rotated and brought into contact with
the outer circumferential surface of the belt slab S, and the
belt slab S is also rotated on the pair of slab holding axes 33,
thereby grinding the belt slab S all around the outer circum-
ferential surface thereof. As a result, V-shaped ribs 15 are
formed in the outer circumferential surface of the belt slab
S as shown in FIG. 8E. If necessary, the belt slab S may be
cut into parts in its lengthwise direction for grinding.

The belt slab S in which the V-shaped ribs 15 are formed
by grinding is cut into pieces having a predetermined width,
and turned inside out, thereby obtaining the V-ribbed belt B.

The method of manufacturing the V-ribbed belt B is not
limited to this method. An outer mold whose inner circum-
ferential surface is provided with V-shaped rib formation
grooves arranged in the axial direction with a constant pitch
may be used, and the belt formation body B' is pressed
against the outer mold to form the belt slab S having the
V-shaped ribs 15.
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Second Embodiment

FIG. 9 illustrates a flat belt C of the second embodiment.
The flat belt of the second embodiment is of endless type
used, for example, for transferring paper sheets, such as
banknote transfer in ATMs and ticket transfer in automatic
ticket checkers, or for driving main shafts of machine tools.
The flat belt C of the second embodiment has a length of 100
to 6000 mm, a width of 3 to 300 mm, and a thickness of 0.8
to 2.0 mm, for example.

The flat belt C of the second embodiment includes a
three-layered rubber-made flat belt body 40 which includes
an inner rubber layer 41 constituting an inner surface of the
belt coming in contact with a pulley, an intermediate adhe-
sion rubber layer 42, and an outer rubber layer 43 consti-
tuting an outer surface of the belt. A cord 44 arranged so as
to form a helical pattern at a predetermined pitch in a width
direction of the belt is embedded in the adhesion rubber
layer 42.

The inner rubber layer 41 is in the shape of a strip having
a horizontally elongated rectangular cross-section, and has a
thickness of 0.8 to 2.0 mm, for example. A surface of the
inner rubber layer 41, that is, a surface which, as will be
described later, comes in contact with a flat pulley when the
belt is wrapped around the flat pulley, is configured to have
an uneven surface 45 of rubber, and the top surface of each
of projected parts of the uneven surface 45 is a flat surface.
The uneven surface 45 on the surface of the inner rubber
layer 41 has a detailed configuration similar to the configu-
ration of the uneven surface 17 of the backside rubber layer
13 of the first embodiment.

In the flat belt C of the second embodiment, the surface
of the inner rubber layer 41 which comes in contact with a
flat pulley is formed to be the uneven surface 45 of rubber
where each of the projected parts has the flat top surface 46.
Thus, the state of contact of the surface of the inner rubber
layer 41 with the flat pulley is a surface contact, which
disperses the force applied. As a result, it is possible to
reduce abrasion of the surface of the inner rubber layer 41
which is formed to be the uneven surface 45 of rubber.

The adhesion rubber layer 42 and the outer rubber layer
43 are also in the shape of a strip having a horizontally
elongated rectangular cross-section, and have a thickness of
0.4 to 1.5 mm and a thickness 0f 0.3 to 1.0 mm, respectively,
for example.

The inner rubber layer 41, the adhesion rubber layer 42,
and the outer rubber layer 43 are made of a rubber compo-
sition produced by heating and pressing an uncrosslinked
rubber composition prepared by kneading a rubber compo-
nent blended with various ingredients, and crosslinking the
kneaded product by a crosslinker. The rubber composition
may be crosslinked using sulfur as the crosslinker, or may be
crosslinked using organic peroxides as the crosslinker. The
inner rubber layer 41, the adhesion rubber layer 42, and the
outer rubber layer 43 may be made of different composi-
tions, or may be made of the same composition.

Example rubber components of the rubber composition
forming the inner rubber layer 41, the adhesion rubber layer
42, and the outer rubber layer 43 include, for example,
ethylene-c-olefin elastomer (such as EPDM and EPR),
chloroprene rubber (CR), chlorosulfonated polyethylene
rubber (CSM), hydrogenated acrylonitrile-butadiene rubber
(H-NBR), etc. Example ingredients include a reinforcing
material, a filler, an antioxidant, a softener, a crosslinker, a
vulcanization accelerator, etc.
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The cord 44 is made of twisted yarn of polyethlene
terephthalate (PET) fiber, polyvinyl alcohol (PVA) fiber,
polyethylene naphthalate (PEN) fiber, para-aramid fiber,
meta-aramid fiber, 4,6 nylon fiber, 6,6 nylon fiber, carbon
fiber, or glass fiber, for example, which is subjected to an
adhesion treatment using a resorcin/formalin/latex (RFL)
solution before molding and vulcanization.

FIG. 10 illustrates a layout of pulleys of a belt transmis-
sion system 50 using the flat belt C of the second embodi-
ment.

The belt transmission system 50 is configured to transmit
power by the flat belt C wrapped around a pair of flat
pulleys, that is, a drive pulley 51 and a driven pulley 52. The
diameter of the drive pulley 51 is 30 to 1500 mm, for
example, and the diameter of the driven pulley 52 is 30 to
1500 mm, for example.

The flat belt C of the second embodiment is used in the
belt transmission system 50, and the surface of the inner
rubber layer 41 which comes in contact with the drive pulley
51 and the driven pulley 52, i.e., flat pulleys, is formed to be
the uneven surface 45 of rubber where each of the projected
parts has the flat top surface 46. Thus, the state of contact of
the surface of the inner rubber layer 41 with the drive pulley
51 and the driven pulley 52 is a surface contact, which
disperses the force applied. As a result, it is possible to
reduce abrasion of the surface of the inner rubber layer 41
formed to be the uneven surface 45 of rubber. Thus, it is
possible to prevent the rubber powder which comes off due
to abrasion from adhering to the drive pulley 51 or the driven
pulley 52, and prevent generation of noise caused by the
rubber powder.

Now, an example method of fabricating the flat belt C of
the second embodiment will be described.

According to the method of manufacturing the flat belt C
of the second embodiment, a cylindrical rubber mold 31
formed beforehand by a method similar to that in the first
embodiment is used.

First, uncrosslinked rubber sheets (uncrosslinked rubber
compositions for forming a belt) for the inner rubber layer
41, the adhesion rubber layer 42, and the outer rubber layer
43 are formed similarly to the first embodiment.

Next, the cylindrical rubber mold 31 obtained as
described above is put on the cylindrical mold 30. The
uncrosslinked rubber sheet for the outer rubber layer 43 and
the uncrosslinked rubber sheet for the adhesion rubber layer
42 are sequentially wrapped around and layered on the outer
circumference of the cylindrical rubber mold 31. The twisted
yarn to be the cord 44 is wound around the resultant layers
on the cylindrical rubber mold 31 in a helical manner, with
a predetermined tension applied to the cord 14. After that,
the uncrosslinked rubber sheet for the adhesion rubber layer
42 and the uncrosslinked rubber sheet for the inner rubber
layer 41 are sequentially wrapped around and layered
thereon, thereby forming a belt formation body.

Subsequently, a rubber sleeve is put on the belt formation
body, which is placed in a vulcanizer and the vulcanizer is
sealed. The vulcanizer is filled with high-temperature and
high-pressure steam, and the belt formation body is held in
the vulcanizer for a predetermined molding time. At this
moment, cross-linking is promoted between the uncross-
linked rubber sheets, and the uncrosslinked rubber sheets are
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integrated together and combined with the cord 44. As a
result, a cylindrical belt slab is molded. The molding tem-
perature of the belt slab is 140 to 180° C., for example. The
molding pressure is 0.5 to 1.5 MPa, for example. The
molding time is 15 to 60 minutes, for example.

Then, the steam is released from the vulcanizer, and the
vulcanizer is unsealed. The belt slab molded on the cylin-
drical rubber mold 31 is taken out and removed from the
mold.

Lastly, the outer circumferential surface and the inner
circumferential surface of the belt slab are ground to have
uniform inner and outer thicknesses. After that, the belt slab
is cut into pieces having a predetermined width, and turned
inside out, thereby obtaining the flat belt C.

Other Embodiments

In the first and second embodiments, the V-ribbed belt B
and the flat belt C have been described as examples of the
power transmission belt, but power transmission belt is not
specifically limited to these belts, and may be a V belt, a
toothed belt, and so on.

EXAMPLES
V-Ribbed Belt

V-ribbed belts of the following Example and Comparative
Examples 1 to 4 were manufactured. The characteristic
configurations of the respective examples are also shown in
Table 1.

Example

A V-ribbed belt in which a surface of the backside rubber
layer was formed to be an uneven surface where each of
projected parts had a flat top surface was manufactured by
the same as in the first embodiment, and the obtained
V-ribbed belt is referred to as Example.

In manufacturing the V-ribbed belt of Example, a rep
weave fabric was subjected to an attachment treatment in
which  hydrogenated  acrylonitrile-butadiene  rubber
(H-NBR) was attached to the rep weave fabric, and there-
after the fabric was pressurized in a vulcanizer to obtain a
pressurized cloth, and the uneven surface of the pressurized
cloth was transferred to the outer circumferential surface of
a cylindrical rubber mold made of an uncrosslinked rubber
composition of hydrogenated acrylonitrile-butadiene rubber
(H-NBR). The resultant was used in Example.

The compression rubber layer and the backside rubber
layer of the V-ribbed belt of this Example were made of a
rubber composition in which nylon short fibers were blended
in ethylene propylene diene monomer rubber (EPDM). The
adhesion rubber layer was made of an ethylene propylene
diene monomer rubber (EPDM) composition. The cord was
made of twisted yarn of polyethlene terephthalate (PET)
fiber subjected to an adhesion treatment using a resorcin/
formalin/latex (RFL) solution before molding and vulcani-
zation.

The V-ribbed belt of Example had a length of 1100 mm
and a thickness of 4.3 mm. The height of the V-shaped rib
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was 2.0 mm, and the number of the ribs was three (a belt
width was 10.68 mm). The outer diameter of each of the
projected parts of the uneven surface in plan view was 0.85
mm. The surface roughness (Rz) of the uneven surface was
0.16 mm.

Comparative Example 1

A V-ribbed belt manufactured by the similar method as in
Example, except that the cylindrical rubber mold was
replaced by a rubber sleeve on which a rep weave fabric
coated with rubber cement was put, is referred to as Com-
parative Example 1. The V-ribbed belt of Comparative
Example 1 is configured such that the surface of the backside
rubber layer is an uneven surface which is same as the
surface of the rep weave fabric and of which the projected
parts do not have flat top surfaces. The outer diameter of
each of the projected parts of the uneven surface in plan
view was 1.08 mm. The surface roughness (Rz) of the
uneven surface was 0.35 mm.

Comparative Example 2

A V-ribbed belt manufactured by the similar method as in
Example, except that the cylindrical rubber mold was
replaced by a rubber sleeve on which a twill weave fabric
coated with rubber cement was put, is referred to as Com-
parative Example 2. The V-ribbed belt of Comparative
Example 2 is configured such that the surface of the backside
rubber layer is an uneven surface which is same as the
surface of the twill weave fabric and of which the projected
parts do not have flat top surfaces. The outer diameter of
each of the projected parts of the uneven surface in plan
view was 0.25 mm. The surface roughness (Rz) of the
uneven surface was 0.07 mm.

Comparative Example 3

A V-ribbed belt manufactured by the similar method as in
Example, except that the cylindrical rubber mold was
replaced by a rubber sleeve on which a plain weave fabric
was put, is referred to as Comparative Example 3. The
V-ribbed belt of Comparative Example 3 is configured such
that the surface of the backside rubber layer is an uneven
surface which is same as the surface of the plain weave
fabric and of which the projected parts do not have flat top
surfaces. The outer diameter of each of the projected parts of
the uneven surface in plan view was 1.43 mm. The surface
roughness (Rz) of the uneven surface was 0.51 mm.
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Comparative Example 4

A V-ribbed belt manufactured by the similar method as in
Example, except that the cylindrical rubber mold was
replaced by a rubber sleeve whose outer circumferential
surface was subjected to knurling, is referred to as Com-
parative Example 4. The V-ribbed belt of Comparative
Example 4 is configured such that the surface of the backside
rubber layer has a knurled pattern and of which the projected
parts do not have flat top surfaces. The outer diameter of
each of the projected parts of the uneven surface in plan
view was 0.18 mm. The surface roughness (Rz) of the
uneven surface was 0.19 mm.

Method of Evaluation Test

FIG. 11 illustrates a belt running test machine 60 for
testing adhesion of the surface of the backside rubber layer
of the V-ribbed belt.

The belt running test machine 60 includes: a tension
pulley 61 which is a flat pulley with a diameter of 65 mm;
a driven pulley 62 which is a flat pulley with a diameter of
65 mm and located under the tension pulley 61; a drive
pulley 63 which is a flat pulley with a diameter of 65 mm and
located on the left side of the driven pulley 62; and an idler
pulley 64 which is a ribbed pulley with a diameter of 65 mm
and located at a lower left position of the tension pulley 61
that is also an upper right position of the drive pulley 63 such
that a belt winding angle is 120 degrees. The tension pulley
61 is movable up and down so that tension can be applied to
the V-ribbed belt B wrapped around the pulleys, and is
capable of applying upward axial load due to constant dead
weight DW.

Each ofthe V-ribbed belts B of Example and Comparative
Examples 1 to 4 was wrapped around the belt running test
machine 60 such that the surface of the backside rubber layer
comes in contact with the tension pulley 61, the driven
pulley 62, and the drive pulley 63 of the belt running test
machine 60 and such that the V-shaped ribs of the compres-
sion rubber layer comes in contact with the idler pulley 64.
After that, the dead weight DW of 800 N was applied
upward to the tension pulley 61. Subsequently, the drive
pulley was rotated at 4000 rpm (at this moment, the driven
pulley was rotated at 3960 rpm) under an atmosphere of 20
to 30° C., thereby rotating the V-ribbed belt for 30 minutes.
Adhesion of rubber to the surface of the backside rubber
layer, the tension pulley 61, the driven pulley 62, and the
drive pulley 63 was checked after the belt running.

Evaluation Test Results

Table 1 shows the evaluation test results.

TABLE 1
Comparative Comparative Comparative Comparative

Example Example 1 Example 2 Example 3 Example 4
Surface Pattern Same as Same as Same as Same as Knurled pattern
of Backside surface pattern  surface pattern surface pattern surface pattern
Rubber Layer  of pressured of rep weave  of twill weave of plain weave

rep weave fabric fabric fabric

fabric
Adhesion No Yes Yes Yes Yes
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The results show that rubber was not found adhering to
the surface of the backside rubber layer after running of the
V-ribbed belt of Example, whereas in Comparative
Examples 1 to 4, rubber was found adhering to the surface
of'the backside rubber layer, the tension pulley 61, the driven
pulley 62, and the drive pulley 63.

The present invention is useful as a power transmission
belt and a method of manufacturing the power transmission
belt.

The embodiments have been described above as example
techniques of the present disclosure, in which the attached
drawings and the detailed description are provided. As such,
elements illustrated in the attached drawings or the detailed
description may include not only essential elements for
solving the problem, but also non-essential elements for
solving the problem in order to illustrate such techniques.
Thus, the mere fact that those non-essential elements are
shown in the attached drawings or the detailed description
should not be interpreted as requiring that such elements be
essential. Since the embodiments described above are
intended to illustrate the techniques in the present disclo-
sure, it is intended by the following claims to claim any and
all modifications, substitutions, additions, and omissions
that fall within the proper scope of the claims appropriately
interpreted in accordance with the doctrine of equivalents
and other applicable judicial doctrines.

The invention claimed is:

1. A method of manufacturing a power transmission belt
having an uneven surface of rubber which when the power
transmission belt is wound around a flat pulley, comes in
contact with the flat pulley, the method comprising:
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pressing a rubber composition against a molding surface
that is a transfer surface of an uneven surface where
each of projected parts has a flat top surface, thereby
forming the uneven surface that comes in contact with
the flat pulley, and
pressing a surface of woven fabric or knitted fabric having
projected parts and recessed parts against a smooth
surface of a mold, thereby flattening the projected parts
of the surface of the woven fabric or knitted fabric and
obtaining flat top surfaces of the projected parts,
pressing the surface of the woven fabric or knitted fabric
where each of the projected parts has the flat top surface
against a rubber mold made of an uncrosslinked rubber
composition, and
crosslinking the rubber mold, thereby transferring a pat-
tern of the surface of the woven fabric or knitted fabric
to the rubber mold and forming the molding surface.
2. The method according to claim 1, wherein a total area
of the flat top surfaces of the projected parts is 10 to 60% of
an area of the uneven surface.
3. The method according to claim 1, wherein the uneven
surface has a pattern same as a surface of a rep weave fabric.
4. The method according to claim 1, wherein
a maximum diameter of each of the projected parts of the
uneven surface in plan view is 0.3 to 1.4 mm.
5. The method according to claim 1, wherein a surface
roughness (Rz) of the uneven surface is 0.05 to 0.25 mm.
6. The method according to claim 1, wherein the power
transmission belt is a V-ribbed belt or a flat belt.
7. The method according to claim 1, wherein the uneven
surface is a back surface of the power transmission belt.
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